Falls are an important health issue. They cause significant morbidity and mortality particularly in older people, and also have marked psychological effects on the individual. The literature focuses particularly on older adults, an age group in which both visual impairment and falls are more prevalent, as is the associated morbidity.
Introduction
Falls account for approximately half of all accident-related deaths 1 In 1999 there were 204 424 admissions to hospital for fall-related injuries in the United Kingdom for adults aged 60 years and older. The cost to the NHS was previously estimated at d981 million, 2 but a more recent report suggests that the NHS spends d1.7 billion per annum solely treating hip fractures resulting from falls. 3 The major financial implications at the population level, 2 has made the issue important politically, a fact acknowledged in the National Service Framework (2006) . 4 The impact experienced by younger individuals is less clear; 5 however, it has been argued that falls are just as much a problem in the young due to greater knock on effects on work and economic activity. A descriptive study based on questionnaire results found 18% of individuals below 40 and 21% of middle aged individuals reported a fall in the previous year. 6 The pattern of injuries was slightly different, with the young injuring their hands, knees and ankles while the older group injured their heads and knees. The authors suggested that further investigation is warranted in younger age groups. This is certainly true; nevertheless this review concentrates on the effects in older individuals; the group in which both falls and visual impairment are more common and the consequences more severe.
Search strategy
A search of the Medline, Pubmed, and Cochrane databases was performed in February 2010 using the terms 'vision' or 'visual loss' and 'falls' to identify suitable studies. A background search on falls was performed using the terms 'falls', 'review' and 'elderly' and relevant references were sourced. Relevant studies were reviewed and are discussed as appropriate in the review.
Where do falls occur?
Falls might be expected to occur most commonly with more active pursuits; however, in all age groups studies have shown that most falls occur while walking or doing routine tasks. 6, 7 In older individuals over 50% of falls happen in the home, 8, 9 possibly related to the fact that nearly 20% of people over the age of 75 years are house bound. In one study 60% falls occurred at home, 30% in public places and 10% in healthcare institutions. 10 
Risk factors
The main risk factors for falls are listed in Table 1 . The increased risk of falls in the elderly is thought to be multifactorial. Decreased vestibular reflexes, decreased muscle strength, increasing postural sway and concurrent medical issues are the main contributors. 11 Visual input is thought to be important in allowing individuals to co-ordinate and plan movement, as well as helping in maintaining balance. 12 
Consequences of a fall
The consequences of a fall can be far reaching; causing serious injury, physical deterioration and institutionalisation. 26, 27 The risk of injury after a fall is higher in the elderly because of greater bone fragility and poorer protective reflexes. In a community-based study 28 active older people had more serious injuries than frail participants after a fall (22% compared with 6%). Frail participants were defined by combining demographic, physical and psychological characteristics. The incidence of falling in 1 year of follow-up was highest in the frail group (52%) and lowest in the more active group (17%). However 22% (5 of 23) of falls by more active subjects, but only 6% (5 of 89) of falls by frail subjects, resulted in serious injury requiring hospital treatment. It is likely that the forces involved in falls in more active individuals are greater leading to worse injuries.
Hip fracture is the most serious injury secondary to a fall, 27 the incidence varying from 6-10%. 29 This rate is higher in older individuals; 15-20% in over 85 years old. The majority of patients with a hip fracture do not return to the level of activity of daily living, which they showed before the fracture. 1 Twelve months after a hip fracture, 21.8% who had previously lived at home had moved to a nursing home and only 24% were as mobile as they were before the fracture. 30 The high mortality rate for individuals in the first year after a hip fracture is also well described, with rates of 20-35%. 31 In addition to the purely physical effects of a fall, many older people experience psychological difficulties. This may result in activity avoidance and loss of self-confidence. 32 Fear of falling can lead to self-imposed restrictions on activities, which in themselves cause isolation and a loss of independence. Fear of falling has gained acceptance as a medical issue and has been found to be present in individuals who have never fallen as well as those who have. A recent review found the main risk factors for fear of falling to be increasing age, being female and having had at least one previous fall. 33 The main consequences were identified as a decline in physical and mental performance, an increased risk of falling and progressive loss of health-related quality of life. Furthermore, a recent study investigating healthrelated quality of life measures found that fear of falling had the greatest impact in elderly women. 34 
Prevalence of visual loss in the elderly
Visual impairment affected approximately 10% of people aged 65-75 years and 20% of those aged 75 and older in one study. 35 In all, 90% of the blind and partially sightregistered individuals in the United Kingdom are over 60 years of age. In addition, 98% of people aged 65 years and above wear glasses as a result of the loss of accommodation and lenticular changes that develop with increasing age. 35 Other data also confirm the increasing prevalence of visual impairment with age, with 3.1% of 65 to 74 year old, 11.6% of 75 to 84-year-old and 35.5% of 85 þ year old individuals having visual impairment. 1 
Vision loss and falls
Older adults with impaired vision have been shown to be more likely to fall than their sighted peers. Hip fractures have been linked to visual impairment and to individual measures of vision such as reduced visual acuity, contrast sensitivity and visual field. 21 A study by Squirrel et al 36 examined the prevalence of visual impairment in adults suffering a hip fracture. They found that 33% were classified as visually impaired (6/18 or worse in both eyes) and 58% had a distance visual acuity of 6/18 or worse in at least one eye.
There is considerable epidemiological evidence that older individuals with visual impairment are more likely to fall than those without. The Beaver Dam Study showed impaired visual acuity to be associated with an increased risk of falls; odds ratios for two or more falls in the past year for the poorest category of visual function [13] [14] [15] Previous falls 13, 16 Dependency in activities of daily living 17, 14 Visual impairment [18] [19] [20] [21] Neurological and cardiovascular disease 13, 16, 22 Medications 23 Gait disorder/postural stability 24, 25 Environmental factors 24 Visual loss and falls A Dhital et al (p20/40) were 2.02 (95% confidence interval (CI), 1.13-3.63) for current binocular acuity and 1.85 (95% CI, 1.10-3.12) for visual sensitivity. 37 It was also shown that poor vision was associated with increased frailty in the elderly; the odds ratios of nursing home placement were 3.20 (95% CI, 1.85-5.56) for current binocular vision p20/40, and 5.00 (95% CI, 2.28, 10.94) for near vision of p20/40 Snellen equivalent. Other measures of frailty in this study included use of walking aids, and time taken for a measured walk. This study found visual acuity to be more strongly linked to falls and measures of frailty than contrast sensitivity. However, other studies have found contrast sensitivity and stereopsis to have a more significant effect. 18 The results of the Blue Mountains Eye Study also showed significant associations between visual impairment and an increased risk of falls and hip fractures. Two or more falls in individuals with visual acuity worse than 20/40 were 1.9 times more common than controls, after correcting for confounders. 19 Recent publications have understandably emphasized the importance of visual assessment in patients who have fallen, 38, 39 despite this a recent Royal College of Physicians audit showed 50% (151/302) of sites did not employ a proforma to prompt standardised visual acuity assessment. 40 
Types of visual loss
Visual loss is a broad term encompassing a range of visual impairments. Vision comprises of many elements and is not merely a measure of visual acuity and visual field; other components of vision such as contrast sensitivity and depth perception undoubtedly affect the risk of falling and of hip fractures. As the epidemiological data above suggest it is still unclear, which measure is most important. Different ophthalmic conditions such as glaucoma and age-related macular degeneration cause quite different patterns of visual loss, thus having data relating to different measures of vision is useful (Table 2) .
Age-related macular degeneration and falls
Age-related macular degeneration (ARMD) primarily affects central and reading vision, with symptoms such as distortion and difficulty recognising faces being prominent. However, peripheral vision is unaffected, and this is probably more important for navigation. Two thirds of patients with age-related macular degeneration were found to have visuomotor and balance deficits resulting in clumsiness and an increased risk of falls. 48 Older women with ARMD have been shown to have impaired balance, slower visual reaction times, and poorer vision, compared with age-matched controls. These combined to cause a greater risk of falls; a measure of fall-risk in the AMD cohort (3.20) was significantly greater than that of the non-AMD cohort (OR 1.21; Po0.001).
46
A recent investigation of patients with age-related maculopathy assessed postural stability and gait to try to identify the visual factors responsible for any deficits. 49 The results suggested that all visual factors but particularly reduced contrast sensitivity were associated with postural instability and changes in gait after adjustment for age, sex, self-reported physical function and cataract severity.
Studies including balance training in a more general population have shown promising results. Pooled data from three studies, with a total of 566 participants, using a programme of progressive muscle strengthening, balance retraining exercises and a walking plan, showed a reduction of the number of individuals falling over a 1-year period (pooled RR 0.80, 95% CI 0.66-0.98). The number of people sustaining an injury from a fall was also significantly reduced (pooled RR 0.67, 95% CI 0.51-0.89). 50 Radvay et al 48 investigated whether balance training may help patients with ARMD. A total of 16 ARMD individuals and 14 controls received balance training sessions on a postural platform, (during which there was selective inhibition or disturbance of either visual, vestibular, or somatosensory input). The impact of balance training on several visuomotor functions and reading speed were investigated, showing a significant improvement for some measures (vestibular input and fixation stability), but no effect for others (pointing accuracy and reading speed). This preliminary study is encouraging as the improvement of visuomotor and balance skills in AMD patients should reduce their risk of subsequent falls.
Glaucoma and falls
The association between visual field loss and falls is confirmed in the literature. The Salisbury Eye Evaluation assessed the role of various components of vision and the risk of falls. 43 Visual acuity, contrast sensitivity, visual field, and stereoacuity were tested and visual field loss was found to be the primary vision component increasing the risk of falls, (for a 10-point loss in Humphrey visual field testing, OR 1.08; 95% CI 1.03-1.13). Recent prospective results from the Los Angeles Latino Eye study confirm an independent association with central and peripheral visual impairment and an increased risk of falls (OR 2.36; 95% CI 1.02-5.45 and OR 1.42; 95% CI 1.06-1.91, respectively). 47 In a study of 54 adults, aged 65 years and older with primary open angle glaucoma, participants with greater Visual loss and falls 51 Furthermore, participants with the majority of their visual field loss in the inferior field, showed increased postural sway on the foam surface. This would be expected as the inferior field provides visual input regarding the floor surface.
The effect of binocular visual field loss on increasing the risk of falls has also been confirmed by other investigators. A multi-centre, prospective, cohort study confirmed the association between visual field loss and falls. 41 Severe binocular visual field loss was significantly associated with frequent falls when adjusting for age, study site, and cognitive function (OR 1.50, 95% CI 1.11-2.02). The data also showed a trend for increasing odds of two or more falls with greater binocular visual field loss (Po0.001).
In a case-control study, patients with glaucoma and relatively mild field defects were shown to be over three times more likely to have fallen in the previous year, and over six times more likely to have been involved in one or more motor vehicle collisions in the previous 5 years; 52 however, no explanation was given for this association.
The inference of these studies is that visual field loss deprives individuals of adequate visual input, decreasing postural stability as well as the risk of bumping into objects around them or misjudging surfaces, causing them to fall.
Cataracts and falls
Cataracts are the most common reversible cause of visual impairment in the elderly after refractive error. The benefit of first eye cataract surgery in reducing the risk of falls was confirmed by a randomised control trial, which compared expedited cataract surgery versus routine surgery. The median time from randomisation to expedited surgery was 27 days (1-212), and time to routine surgery was 337 days (133-485) in this study. The numbers of individuals who suffered a fall were relatively low at 4 in the expedited surgery group versus 12 in the routine group, nevertheless the results were statistically significant; rate of falling was reduced by 34% in the expedited surgery group (OR 0.66, 95% CI 0.45-0.96, P ¼ 0.03). 53 The same group showed second eye cataract surgery improved vision and general status. Surgery reduced the rate of falling by 32% compared with controls, but this was not statistically significant (OR 0.68, 95% CI 0.39-1.19, P ¼ 0.18) 54 The number of individuals who fell was again low in this study, and this may be a factor in the lack of statistical significance. However, it is possible that patients' activity level and behaviour may alter after surgery, thus affecting the fall-risk.
A meta-analysis suggested that patients who wait more than 6 months for cataract surgery may experience a reduced quality of life and increased rate of falls during the waiting period. 55 Fewer patients who received expedited surgery fell two or more times compared with the group still awaiting surgery (18% (28/154) vs 25% (38/152), P ¼ 0.04).
Diabetes mellitus and falls
There is surprisingly little evidence relating the effects of diabetic retinopathy to falls. Patients with diabetic retinopathy have been included in various studies of falls and visual loss as part of larger groups with visual impairment; 19, 41 however, this important group have not been studied separately.
Nevertheless diabetics are at increased risk of falls through several possible mechanisms. The systemic manifestations of diabetes, the effects of lower limb neuropathy and any concurrent vascular disease may affect walking, gait and the risk of falls. 56 Glycaemic control itself can also affect the risk of falls. 57 As well as the visual disability caused by diabetes, pan-retinal photocoagulation does affect an individual's visual field and hence increase the risk of falls, however this has not been independently investigated.
Other visual factors and falls
Various other visual components have also been linked with falls. Lord et al 18 found reduced edge contrast sensitivity to be more strongly associated with falls than visual acuity and suggested that it may be more important than visual acuity in assessing the risk of falls. One hypothesis is that this measure may reflect the ability of individuals to see ground-level obstacles more accurately. Their group also found increased postural sway in older individuals with worse distance contrast sensitivity. 58 Depth perception or stereopsis has also been investigated by several groups. Impaired stereopsis has been shown to be a risk factor for falls and hip fractures. A case-control study investigating hip fracture found having no depth perception was strongly associated with increased risk (OR ¼ 6.0 95% CI 3.2-11.1), as were categories of decreasing stereopsis (trend P ¼ 0.0001). 29 In another study, lack of stereopsis was the strongest risk factor for multiple falls out of nine visual measures. 42 Vale et al 59 investigated the effect of inducing monocular blur on 11 elderly subjects, and showed gait alterations when negotiating a raised object with even small amounts of monocular blur. Monocular blur also Visual loss and falls A Dhital et al impaired stereopsis (Po0.01), with more minor effects on high and low contrast acuity.
The role of spectacles is also important. Incorrect spectacle correction may be a reversible cause of visual loss and one that is easily fixed. The prismatic effects of the near portion of bifocal glasses may also have a role in increasing falls risk in the elderly. Elderly individuals using a single vision lens had improved precision when negotiating a raised surface than when using their regular multifocal glasses. Multifocal glasses have also been shown to affect toe clearance and risk of tripping. 60 It may be that impaired distance contrast sensitivity and depth perception through the near portion of multifocal glasses is a mechanism for this effect. 44 Balance relies on the co-ordination of stimuli from the visual and vestibular system, with proprioception, muscle strength and reaction time also contributing. However, with increasing age there is deterioration in function in all these inputs. 11 Several studies have focused on the effect of vision on balance in trying to explain the link between vision and falls. Peripheral visual field occlusion, has been shown to worsen postural stability significantly in older adults. 61 In a sample of 183 older adults, good contrast sensitivity assisted in maintaining balance and stability. 62 The effect of vision on the interaction of muscle activity and movement of the lower limbs during episodes of perturbed balance has also been investigated. 63 The study was in young healthy individuals, so the results may not be directly applicable to the elderly, but it showed proof of principle of the role of vision in coordination with the vestibular system. Volunteers standing on a platform with their eyes open and closed were subjected to calf muscle vibration and the muscle responses showed greater activity with their eyes closed. Thus muscle responses may be more important to maintain the balance in individuals with poor vision.
Visual loss and other sensory impairments
If visual impairment is present with other sensory impairments, such as hearing or balance problems, the relative risk of falls has been shown to be even higher. A twin study in older women with vision impairment (logMAR VA of o1.0) but no other sensory impairments had a higher, but non-significant, risk for falls compared with persons with normal vision (RR 1.5, 95% CI 0.6-4.2). 45 Co-existing vision impairment and impaired balance increased the risk (RR 2.7, 95% CI 0.9-8.0), as did co-existing vision and hearing impairment (RR 4.2, 95% CI 1.5-11.3) Among persons with all three impairments, the relative risk for falls increased substantially to 29.4 (95% CI 5.8-148.3) compared with participants with good vision.
Preventive work to reduce falls
There has been considerable published work investigating methods of trying to prevent falls. The Cochrane reviews in 2005 comprehensively covered population and individual strategies for this. 50 Studies relating to vision can be split into methods of risk assessment and stratification and those assessing methods of prevention. The assessment and recognition of visual problems is essential as without this, steps cannot be taken to try and rectify reversible causes of visual impairment (Table 3) .
Previous studies have confirmed that systems in identifying visual impairment in patients suffering falls were inadequate. 68 Suggestions for improvements have been made by several organisations. In 2003, the College of Optometrists and the British Geriatrics Society released an evidence-based report recommending that all people undergoing a falls assessment should be screened for visual impairment and those identified as suffering from a visual impairment should have a full eye examination. 69 Surprisingly, a randomised controlled trial by Cumming et al 67 in Australia found no benefit in reducing falls following a comprehensive vision and eye assessment by a study optometrist in elderly individuals (average age 80 years). Individuals had their glasses updated or were referred for further intervention, such as occupational therapy or cataract surgery. A possible explanation for the lack of reduction in falls was that, paradoxically, those individuals who received interventions to improve their vision may have increased their activity level and thus put themselves at higher risk of falling.
Another randomised controlled trial, the PROFET study, however, found a structured interdisciplinary assessment with detailed medical and occupational therapy assessment with referral to relevant services had a highly significant effect. 70 At 12 months the risk of falling was significantly reduced in the intervention group (odds ratio 0.39 (95% CI 0.23-0.66)) as was the risk of recurrent falls (OR 0.33 (95% CI 0.16-0.68)) This study did not, however, include any direct intervention to improve vision.
Day et al 66 compared three interventions; group-based exercise, home hazard management and vision improvement on individuals aged over 70 years and living at home. Only the group-based exercise, which consisted of weekly exercises over a 15-week period, had a significant effect in reducing the annual fall rate, though combinations of the interventions did have a greater effect. The visual intervention consisted of testing vision and referring the participant to their usual eye care provider if their vision fell below a threshold. However, the numbers receiving an intervention were very low; of 547 participants receiving the vision intervention, 287 were recommended for referral, of whom 186 had either recently visited or were about to visit their optometrist or ophthalmologist. Of the remaining 101 participants, only 26 had some form of treatment glasses (20) or surgery (6) . With such a low number having treatment, it is unsurprising that the results for visual intervention were not significant.
Environmental or extrinsic factors are also important in contributing to falls risk. 71 Poor lighting and objects around the home, such as loose rugs may increase the risk of falls. These factors would be of more concern in individuals with visual impairment. Contrast sensitivity diminishes in the elderly, and may be further compromised by concurrent ocular disease. Thus assessment of the home circumstances of patients including the lighting would be another avenue for intervention in reducing falls risk.
The benefit of home interventions and assessments have been proven in three studies that confirmed that home hazard assessment and modification resulted in fewer falls. 50 However, further investigation of its clinical benefit, economic viability and effectiveness is awaited, as well as trials between those with and without visual problems.
Optimising public spaces may be a way of reducing falls risk. The metro in Washington DC have tried to optimise lighting to some degree, and also added visual contrast and tactile contrast to help delineate surfaces and drop-offs. 72 Effective use of luminance and colour contrast should be used to help visually impaired individuals interact with the environment. 73 The effectiveness of a programme of muscle strengthening and balance retraining, individually prescribed at home by a trained health professional has been confirmed; 74 however, the interaction with the visual system remains unclear. Further results from studies investigating strategies aiming to improve balance and the co-ordination of the visual and vestibular systems, will be helpful in clarifying whether they may have a greater role in the future.
Conclusion
The association between visual loss and falls would seem to be intuitive. However, it has remained a relatively understudied phenomenon until the last two decades, over which time the number of studies addressing this topic has rapidly increased.
Visual impairment encompasses a range of defects in different components of vision which may increase the risk of falls. Falls have significant implications at the population level and at an individual level due to the Comprehensive vision and eye examinations conducted by a study optometrist. Falls occurred more frequently in the group randomised to receive the vision intervention (65% fell at least once; 758 falls in total) than in the control group (50% fell at least once; 516 falls in total).
Cummings 67 physical effects of injury, effects on the mental health of the patient and future mobility as well as mortality. Assessment to identify patients at risk and subsequently managing risk factors are essential in trying to lessen the impact of this problem. This is particularly important as many causes of visual impairment in older people are reversible.
Great strides have been taken in improving the assessment and management of risk factors regarding falls and visual impairment; however, there are still many areas that require further study. The relative contribution of different visual parameters has been studied but there is still much to be clarified. Knowing which visual parameter most accurately reflects falls risk in a given population will help optimise the assessment of individuals for primary or secondary prevention of falls. The effects in different ocular conditions needs further clarification, as they affect vision in different ways. Furthermore, investigations are required in various populations with different baseline mobility, social situation, ethnicity and co-morbidity. Better understanding of the risk factors will help improve targeting of possible interventions.
The end point of research into falls would be to develop an efficacious and cost-effective intervention. Even an intervention that is in widespread use, such as multi-disciplinary team assessment has been shown to be effective in some studies, 66 but not in others. 65, 67 As discussed earlier, interventions may affect subsequent behaviour or activity level in an individual, possibly confounding the results, and ideally this needs to be controlled for.
Regarding vision and falls, cataract surgery is one of the best studied interventions. A cost analysis showed an incremental cost-utility ratio of d35 704 for cataract surgery, above the generally accepted UK threshold per Quality Associated Life Year (QALY) of d30 000. However, in the same study the cost per QALY was calculated to be d13 172, when calculated for lifetime savings as opposed to over the time of the study. 75 Similar analyses of other promising interventions will aid assessment of their potential efficacy.
